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(57) Abstract 

A system (18) for repeatedly supplying a 
predetermined quantity of solid particulate 
material, e.g. solid, spherical silicon particles 
(92), to a location (19) remote from the area 
where the particulate material is stored. The 
system (18) includes a container (90) for stor- 
ing solid particulate material (92), a receiving 
chamber (106) coupled with the container (90) 
and sized and configured to admit only a 
predetermined quantity of particulate material 
(92) from the container (90), and means (134, 
136, 138) for applying at least one stream of a 
pressurized fluid so as to entrain and transport 
said predetermined quantity of particulate ma- 
terial (92) from the receiving chamber (106) to 
the remote location (19). 
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Source Material Delivery system 
Field of the Invention 

The present invention relates to material feed 
systems, and more particularly to apparatus for 
repeatedly delivering a predetermined quantity of 
particulate material to a remote site. 

Background Of the TnrenUnn 

In a variety of industrial processes it is 
necessary to repeatedly deliver a predetermined 
quantity of solid particulate material to a location 
remote from the location where the particulate 
material is stored. For instance, with apparatus for 
growing hollow, tubular crystalline bodies of the type 
disclosed in U.S. Patent No. 4,544,528, it is 
important that the infeed material (particles of solid 
silicon) be delivered from a storage site to the 
crucible of the apparatus at substantially the same 
rate molten silicon is consumed in growing a 
crystalline body. The delivery is accomplished, for 
instance, by dispensing the particles from the storage 
container using a vibratory feeder and then 
transporting the dispensed particles into the crucible 
of the apparatus using a chip thruster of the type 
disclosed in U.S. Patent No. 4,661,324 to Sink et al 
(the '324 patent). 

Unfortunately, with known mechanisms for 
dispensing solid particulate material from the storage 
container, e.g. vibratory feeders, it tends to be 
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difficult to precisely control the quantity of 
material dispensed per unit tine. As a result, more 
or less particulate material may be delivered to the 
downstream location, e.g. the chip thruster of the 
'324 patent, than is desired. 

fiMgcts ana summary of the Tnv»»fr 1ni 

One object of the present invention is to provide 
a system for repeatedly transporting a predetermined 
quantity of particulate material to a remote location. 

A second object of the present invention is to 
provide a system for use in continuously replenishing 
the silicon melt in an apparatus for growing hollow, 
tubular crystalline bodies so as to maintain the level 
of the melt within predetermined limits. 

These and other objects are achieved by a system 
for repeatedly transporting a predetermined quantity 
of particulate material, e.g. solid, spherical silicon 
particles, to a location which is remote from the area 
where the particulate material is stored. The present 
system is particularly adapted for use as one 
component in a larger system for continuously 
replenishing the silicon melt in the crucible in a 
crystal furnace, e.g., of the type disclosed in U.S. 
Patent No. 4,544,528 to stormont et al. The system of 
the present invention includes a container for storing 
solid particulate material that is characterized by a 
substantially uniform particle shape, a receiving 
chamber coupled with the container for receiving 
Particles from the container, a first high pressure 
gas jet for providing a pulse of pressurized gas which 
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entrains particles in the receiving chanber and 

IZZTLT entniMi particles into a «- 

« eeeond high pressure g,s J.t which provides a str.an 
of pressurised gM „ tte coMult » 
of pressure „ s is ^ eBitted » • 

pressure gas jet. 9 

the £ " C8lVirt9 U «reotly below 

tte «t°»9« container and is coupied with the 
container so that partioles in the oontainer will feu 

The latter is sized and configured so that the 

La" wu h falUng int0 *» " eew »» «*— « <*" 

receiving enanbsr to forB , pUa of 

known ^le of repose and hence . predetermined voile 
=t Partioles. This pil. blockl ^ 01ttM 
coyoting the container and the receiving ohanher. 

Lot T"" additi0nal PSrticl - fall^g 
into the receiving chamber. 

ST ITJr TstT ° f tte ~" 

through th, conduit and ejects the. f ro» tne f r a „d 
of the conduit for disposition by otter apparatus 
for exa.pl., the conduit My be couptd T' 

Zl ZZcZ T h6r handlln9 " '-ting 
the particles. i„ the preferred eabodiwnt of the 
invention, the particles ere spherical e i con 
Particles and the conduit is connected so as to feed 
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the particles to crystal growing apparatus, 
ifrief Description Of the Drawing 

For a fuller understanding of the nature and 
objects of the present invention, reference should be 
made to the following detailed description taken in 
connection with the accompanying drawings wherein: 

Pig. 1 is a fragmented view in elevation, with 
some components shown in section, of a source material 
delivery system embodying the present invention 
coupled to the source material feed mechanism 
associated with a crystal growth furnace; 

Fig. 2 is a schematic cross-sectional side 
elevation view of the source material delivery system 
embodying the present invention; 

Fig. 3 is a timing diagram illustrating the timing 
sequence for valves of the same source material 
delivery system; 

Fig. 4 is an enlarged view of the bottom portion 
of the delivery system illustrated in Fig. 2 shown at 
time Tlf and 

Fig. 5 is an enlarged view of the bottom portion 
of the same delivery system just after time Tl. 

Petajled T*»FCriPtion of the Tnvm*^ 

The present invention requires the use of 
free-flowing particulate material having a 
substantially uniform particle shape and a relatively 
narrow particle size range such that different piles 
of the same particles formed by free fall will have 
the same angle of repose, whereby the angle of repose 
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is predictable (or subseguently formed piles. 
Preferably the particle, are spheric „ 4 , in ^ 
preferred enbodlaeat of this Invention, tee 
pertieulate source «»terial conprlsos high purity 
epherloel, free-flowin, beads of silicon pertlolw, 
e.g. "ETHYL POHSiucoN- sold by Ethyl corporation, 
Baton Rouge, lousiana. The ethyl polysiliooh 
particles or beads, which are believed to be 
manufactured by a Huidised bed process, are spherical 
and have a particle else distribution of 150-1500 
sicrons, with an average siae of 700 slcrons. 
However, larger or smaller particle sizes nay be 
aeconodeted dep«ding up*, 8uch taBtm „ 
saterial conposition, the geonetry of the delivery 
systen, and the apparatus to which the particle, are 

Referring to Pigs. 1 end 2, the illustrated 

acZl* 1 deliV6ry » constructed 

eoUd am inVenUra t0r flying spherical, 

L L t 1,81410188 *° 9 fee4 « » ^ 

inturn transports the particles to the crucible of a 

apparatus 20 for growi,^ hollow, tubular 
crysta line bodies. Apparatus 20 preferably iVo, the 
type disclosed in g.s. Patent Ho. ,,544,52, (tte 5^ 
Patent,, which patent is incorporated herein * 
f o™ enC !: meCh " iM 19 »W take various 

f" eX " Pl8 ' " »* b * • «ch.nis» of 
the type described in U.S. Patent Ho. 4,661,324 
issued April 2., 19>7 „ ^ ,; 3 U (tha 
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By way of background, apparatus 20 (Pig. l) 
comprises a furnace enclosure 22 within which are 
disposed crucible 24, and inner and outer tubular 
after-heaters 26 and 28. Crucible 24 is a short, 
hollow, open-topped right prism or right circular 
cylinder centrally disposed within enclosure 22. Inner 
after-heater 26 has a hollow interior 30 and a top 
plate 32 sealing off its top end. The bottom end of 
inner after-heater 26 is open, and the inner 
after-heater is positioned directly above crucible 24 
whereby interior space 30 of the inner after-heater is 
coupled with the interior of the crucible, inner 
after-heater 26 is located in the hollow interior of 
outer after-heater 28. 

Apparatus 20 additionally comprises a capillary 
die 34, a susceptor 36 and a seed assembly 38, all of 
which are positioned in enclosure 22. Preferably 
capillary die 34 is an integral part of the sidewall 
of crucible 24. The shape and dimension of the end 
face 40 of die 34 are selected to control the form and 
size of the grown crystal. Susceptor 36 is a short, 
hollow open-topped cylindrical or prismatic body 
dimensioned to accommodate crucible 24. Susceptor 36 
nay be an integral part of the die/crucible assembly. 
Seed assembly 38 includes a seed holder 42 and a seed 
44. seed assembly 38 is attached to a pulling 
mechanism 39 which is adapted to move seed holder 47 
axially toward and away from die 34. 

Apparatus 20 further includes a heating coil 46 
surrounding enclosure 22 adjacent crucible 24. Heating 
coil 46 maintains the silicon in crucible 24 in a 
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nolten state. 

As is known, the crystalline body is grown by 
positioning seed 44 in contact with the die end face 
40 and then pulling the seed away from the die end 
face so as to form a meniscus between the seed and the 
die end face. As the seed is pulled away from the die 
end face, the portion of the meniscus closest to the 
seed solidifies. As the seed crystal is pulled even 
farther away from the die, new molten silicon is drawn 
by capillary action onto the die end face and molten 
silicon already present in the meniscus hardens to 
form crystalline silicon attached to the seed, so as 
to form an elongate silicon body. 

For a more detailed description of the 

iTd^l^ M l operatiM 0£ apparatus 2 °' attenti - 

Mwet.4 to the '528 patent. 
For the purpose of the present Invention, 
apparatus 20 1. nodified to include . conduit so 

th. botton of enolosur. 22, emptor 36 and 

of * " ,h0m ln »• «» ineide dialer 

of conduit ,o 1. slightly greater than the outside 

t^TT? V Ut9eet PartlcleS of sl »»» *> he 
supplied by the syst„ » of tte prGaent ^ 

<M W» Preferably, cond.lt 60 Is nade o ' 

oillc. conduit 60 Is positioned In the center 
of crucible 2, and is sized so that Its top end 64 
extends up into the int«lor ,0 of Inner after-heater 
26, above th. top surfac of th. nelt supports In 
«ucm. 2. when the erueibl. is full, conduit 60 
provides a pweageway fro. the region below apparatus 
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20 up through the bottom wall of crucible 24 into the 
interior 30 of inner after-heater 26. Preferably, a 
convex conical deflector 66 is attached to the bottom 
surface of top plate 32 directly above the top end 64 
of conduit 60, so that the pointed end 67 of the 
deflector is coaxially aligned with central bore 62. 

In other respects, the crystal growth furnace 
illustrated in Pig. l is identical to the furnace 
described in the '528 patent. 

Feed mechanism 19 comprises hollow storage chamber 
70 for receiving and temporarily storing solid, 
spherical beads of silicon, storage chamber 70 is 
positioned directly below the bottom end of conduit 60 
and is coupled with the interior of the conduit via an 
aperture 72 provided in the top wall of the storage 
chamber, storage chamber 70 includes an aperture 74 in 
the sidewall thereof and a supply conduit 76 attached 
to the sidewall so that the interior of the conduit 
communicates with the interior of the storage chamber. 

Additionally, feed mechanism 19 includes a 
transporting mechanism 78 for transporting silicon 
beads from storage chamber 70 up through conduit 60 
into the space above the crucible. As noted above, 
transporting mechanism 78 may comprise a chip thruster 
of the type disclosed in the '324 patent. 
Alternatively, it may comprise a pressurized gfis jet 
feed system or other mechanism, the only requirement 
being that the mechanism be capable of delivering 
silicon beads from storage chamber 70 into the 
crucible in conduit 60 at substantially the same rate 
that particulate material is provided to the storage 
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chanber 70 by conduit 76. 

Turning now to Tig. 2, source «teri.l delivery 

ZTJ' TT " *° llm C °" tai "« »° '« storing 
Petiole. 92 of .olid S i llc0n . ^ bottm a J 

contain., ,0 prorerttiy teper. inwardly and terBlnat „ 
in e bottom aperture 96. conteiner 90 preterebly i. 
op.n et the top to permit edition of . supply J t 
perttdes 92, and . renoveble cover 99 i. preferably 

^fl'r ClMi " 9 °" ^ «* - «" cont.il. 
Referring nov to Pig. «, syBtaB „ furth , r 

include. . manifold ioo attec,*d to eomi.it .0. 
Hanifold ioo coneiete of . solid block of mafrial 
such es polyethylene, which ia hollowed out J*^ 

to™ . Piurelity of interconnected peseegeweye. 
specifically, manifold i 00 iad^ „ 

wi'tta'nouTT" 9 h ° U0W b0r ° 1M «** * "»d 
^rtu« « of conteiner 90, whereby the interior of 
bore 102 is coupied with interior 94 of conteiner 90 

stC'erci? 0 * ly-.^ °' 

silicon perticl. receiving chamber 106. The letter 

intersects sad communicates with hollow bore 102 

«ush with the upper side of receiving chamber 106 
Thus, sleeve 103 ects es . delivery tube for 
transporting particles by oravitv fr™ 
chamber 106. gravity from container 90 to 

»s particles 92 fall into receiving chamber 106 
they accumulate i, . plle dlreotly ^ « £ 

es more end more silicon particle. ,2 fall Jo 
receiving chamber 106. th. pile .„ larges ^it 
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extende from the bottom mil to th. top wall „f 

HS? 1 ^ l ° 8 ' Wlth *"* t0 > « «» P"e having 

108 and *° ^ «"«« * aperture 

"8 and the base of the pile having a width which i. 

suhetantl.ll than the width of the Z o t *>. 

Pile onoe the pile has assumed this conflation 

I "? ** fl ° W ° f aMiti ^ *U~ Pardee 
from container interior 94 to receiving chamber 106 

dIL.? ' ^ *" lBternU ""Nation and 
dimenelon. of receiving chamber 10s are choeen eo 

2 T'J. I . T ** «» ™"»™ Perticle shape 
•M the eubst.nti.lly narrow range of pmide sia! 

automatically a particular ^ " 

Of PertUllTcrCthe 0 '' f* " "» 

angle of repose and th. sis. and configuration of 

accumulated in reeM „■!.,.. v f«^t*cies can thus be 
B i*<~ 7 "ceiving chamber 106 by properly 
sizing and configuring the latter. 

In an exemplary working embodiment of ~ 

invention, where the crystal oroln Pr68ent 
which « cryswi growth apparatus 20 to 

which the present source material delivery system „ 
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was attached consumed molten silicon at the rate of 
15g per minute, and silicon particles 92 had a 
spherical configuration and a diameter of 0.7 
millimeter, +/- about 1/2 millimeter, receiving 
chamber 106 had a circular cross-sectional 
configuration,, with an inside diameter of 5mm, and a 
length of about 28mm. The pile of silicon particles 
92 that accumulated in receiving chamber 106 had an 
angle of repose of is 0 . 

Manifold loo also includes a horizontally, 
extending bore 116. The latter is open at its ends 
118 and 120. Preferably, a hollow sleeve 122 is 
disposed in end us of bore u 6 . The sleeve 122 is 

^ ° UtWard * *- aanifold 100. a 

Telle 18 diSP ° Sed * «» -d 110 of 

Manifold 100 additionally includes a 
transversely-extending inclined bore 126, one end of 
which is coupled with inner end 112 of receivinf 
chamber 106 and the other end of which is coupled to 
supply conduit 76. By this coupling, receiving 

TZ uitWr^ ^ ^ 76 *> «~ -chanism 

re 126 T TT " t0 ^ int6rl0r ° f a PP-atus 20. 
bore III 1 " lnt ~« at 128 by the inner end 120 of 
bore us, whereby the interior of bore lie 
communicates with the interior of bore 126. 

whi ***** " additiona "y deludes a valve 134 
which connects sleeve 113 to a source 136 of 

aroT^ e V 1Uld ' tyPlCaUy M lnert *** ■«* as 
argon, system 18 also includes a valve 138 which 
connects sleeve 122 

8 122 t0 * as 80U ^e 136. valves 134 and 
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138 are designed to selectively feed gas from source 
136 to receiving chamber 106 and bore 116, 
respectively. Preferably, valves 134 and 138 are 
electrically operated, so that when an "open" control 
signal is provided to the valves they open and thereby 
admit a stream of pressurized fluid to the chamber or 
bore to which they are attached, and when a -close- 
control signal is provided to the valves they close 
and thereby terminate flow of pressurized fluid to the 
chamber or bore to which they are attached. 

The volume flow rates of the pressurized fluid 
introduced from source 136 into receiving chamber 106 
and bore lie by operation of valves 134 and 138, 
respectively, is selected so as to ensure that all of 
particles 92 present in receiving chamber 106 are 
entrained in the stream of pressurized fluid supplied 
via valve 134 carried into bore 126, and are carried 
from bore 126 into and through supply conduit 76 as a 
result of entrapment in the gas stream introduced via 
operation of valve 138. Of course, the specific 
volume flow rates of the pressurized fluid passed by 

and configuration of particles 92 and the size and 
configuration of the receiving chamber and bores in 
102, 106, 116 and 126 manifold 100. 

orcvL" T W ° rklng eab ° dW of 8vst *» ^urce 136 
provided argon gas at a pressure of about 100 pounds 

Per square. inch absolute, and opening of valves 134 

and 138 caused gas to flow in the last of bores 106 

liters S *Tm ° tiVely ^ 8 V ° 1Uae fl0W « *»o«t s 
liters STP (i.e., a temperature of 25 degrees c and an 
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atmospheric pressure of 960 am Hg) per minute, 
spherical silicon particles having an outside diameter 
of about 0.7 millimeter, plus or minus about 1/2 
millimeter, were used as the feed material. 

Peed system 18 preferably includes a controller 
142 coupled to valves 134 and 138 for providing the 
"open- and "close" control signals to valves 134 and 
138. controller 142 may, for example, consist of a 
conventional programmable industrial process control 
digital computer. As described in greater detail 
below in connection with the description of the 
operation of the feed system 18 of the present 
invention, controller 142 is programmed so as to 
automatically control the opening and closing of 
valves 134 and 138 so that when one of the valves is 
opened, the other of the valves is closed, and vice 
versa. 

In connection with the following description of 
the operation of the feed system 18 of the present 
invention, reference should be made to Figs. 1-5. 

With valves 134 and 138 both closed, free-flowing 
silicon particles 92 are added to the interior 94 of 
the container. Preferably, particles 92 are spherical 
xn configuration and have an outside diameter of about 
0.7 millimeter, plus or minus about 1/2 millimeter. 

Due to the pull of gravity, particles 92 pass 
through sleeve 103 into receiving chamber 106. As 
described above, receiving chamber 106 is sized and 
configured so that as the particles drop and 
accumulate in a pile having a shape determined by the 
angle of repose, only a predetermined quantity of 
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particles can accumulate in receiving chamber 106, the 
particles coacting with the sidewalls of receiving 
chamber 106 eo as to limit the volume of particles 
that can accumulate in a pile in receiving chamber 
106. 

Then at time Tl (Pig. 3) , controller 142 is 
activated, whereupon it sends a control "open" signal 
to valve 134, which causes the valve to open. At the 
same time, controller 142 sends a control signal to 
valve 138 which causes the valve to close (or to 
remain closed if it is already in that state) . The 
pressurized fluid in receiving chamber 106 forces the 
pile of particles 92 which has accumulated therein out 
of the receiving chamber and into bore 126. This 
operational state of feed system is illustrated in 
Pig. 5. 

Valve 134 is opened only long enough to permit the 
stream of pressurized fluid generated by source 136 to 
dispense the particles 92 in receiving chamber 106 
from the latter into bore 126. As such, a pulse of 
pressurized fluid rather than an ongoing, continuous 
stream of pressurized fluid is provided to receiving 
chamber 106. After the pile of particles 92 has been 
dispensed from receiving chamber 106 and before more 
particles have fallen from container 90 into receiving 
chamber 106, controller 142 sends a control ••close" 
signal to valve 134 which causes the valve to close. 
This control signal is sent at time T2 as illustrated 
in Fig. 3. 

Also at time T2, controller 142 sends a control 
"open- signal to valve 138 which causes the valve to 
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fl * 1V * 138 lB open > » of pressurized 

int ° b ° r * "« «*•» it entrain, the partldee „Z, 
<«« moved Into bore 12« hu m,. 7 " lc ">s wach 
» oore 126 oy the opening of valve 134. 

the IT T ainad WrtlCle8 - *"« transports"; 
the strea. of pressurised fluid into and * 

£££ 'frToo T MCha " l8 ° " *«»•«*» the 
the interior of inner-after heater 3* ^ I, 

particle Defl **or 66 evenly distributes 

deflector < . cryst *l growth process, where 

As soon as valve iu <. 
-«er time », £££ £ J — 
in reoelvin, chLhe 6 u" uTpredet **— "« 
entity of partidee has atL\ 

"open, : ° PrOVidM ' "** 

open and a control "eL ^I t ", * 

«*ose signal to valve 138 which 
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causes the latter to close. As described above, the 
particles in receiving chamber 106 are transported 
into bore 126 by the pressurized fluid supplied to 
receiving chamber 106. At time T4, controller 142 
provides control signals which cause valve 134 to 
close and valve 136 to open, whereby the particles 92 
in bore 126 are transported to feed mechanism 19, as 
described above. This sequence of opening and closing 
valves 134 and 138 is repeated during the crystal 
growth process. 

The length of time between the closing and opening 
of valve 134, i.e. the time between T2 and T3, is 
selected based on the rate at which molten silicon is 
consumed by apparatus 20 in growing a crystalline 
body, controller 142 may be programmed so that the 
time period between the closing and opening of valve 
134 is fixed, based on empirical data regarding the 
rate at which apparatus 20 consumes molten silicon. 
Alternatively, controller 142 may be programmed to 
vary the time period between the closing and opening 
of valve 134 based on information regarding the change 
in weight of the growing crystalline body generated 
concurrently with the growth of the body. Using this 
information, controller 142 will cause valves 134 and 
138 to open and close so as to ensure that the 
quantity of silicon particles 92 provided to apparatus 
20 is substantially equal to the quantity of silicon 
consumed by the apparatus. 

The frequency at which valves 134 and 138 are 
opened and closed is based on the assumption that the 
quantity of silicon particles which accumulates in 
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receiving chamber 106 is substantially constant. As 
discussed above, receiving chamber 106 is designed to 
ensure that a selected substantially constant quantity 
of particles 92 accumulates in the receiving chamber. 
The specific size and configuration of receiving 
chamber 106 and hence the size of the pile of 
particles 92 which can accumulate in receiving chamber 
106 are chosen on the basis of empirical data 
regarding the quantity of silicon particles which can 
be added to the melt in crucible 24 of apparatus 20 
without causing unacceptable large thermal 
perturbations in the melt. 

In an exemplary embodiment of the present 
invention, valve 134 is open for about 0.01 seconds, 
and valve 134 is closed for a time period ranging from 
1.4 seconds to 3.0 seconds, in this embodiment, 
receiving chamber 106 was sized and configured so that 
about o.sg of solid spherical silicon particles having 
an average diameter of about 0.7mm +/ - about l /2 
millimeter accumulated in the receiving chamber. 

It is preferred that one of valves 134 and 138 be 
open at all times during the operation of source 
material delivery system 18 to ensure that a 
readably constant gas flow is provided from the 
delivery system 18, through feed mechanism 19, and 
into the nterior of inner-after heater 26. such a 
gas flow is desirable to avoid the deleterious affects 

urLs cT rT * Cryal Such 
" III T' A f ° r inStance < a ^ 8 ely effect the output 
of the load cell which measures the weight of the 
growing crystalline body. Because the output of the 
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load cell is used in controlling the crystal growth 
process, when erroneous information is provided by the 
load cell the crystal growth process may be adversely 
affected. 

However, in certain circumstances a continuous 
stream of 9 as need not be provided from the delivery 
system to the crystal growth region. Under these 
circumstances, valve 138 is opened only long enough to 
transport particles 92 in bore 126 to feed mechanism 
19. Alternatively, it may be possible in certain 
situations to eliminate valve 138 and bore lie. m 
this c ase/ ^ pressuri2ed fluld provi<Je(J ^ receiyi 

chamber 106 transports the particles 92 into and 
through bore 126, into supply conduit 76 and through 
the latter into storage chamber 70 in feed mechanism 

Although source material delivery system 18 has 

been described as a system for delivering solid 
spherical silicon particles to the feed mechanism 19 
of a crystal growth apparatus 20, the system may be 
satisfactorily employed in other contexts where it is 
desired to transport a predetermined quantity of a 
uniform particulate material from a storage container 
to a downstream location. For instance, system 18 may 
*e used in a pharmaceutical manufacturing process 
where it is desired to transport a predetermined 
quantity of a first compound in a particulate form to 
a downstream location where it is combined with a 
second compound in particulate form. Where system 18 
is used in other manufacturing contexts and the size, 
configuration, and material of the particles being 
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"» th " ° f the silicon particles 92 
used in the prefers configuration of this Invention 

thereto Is eguel to the quantity of pertlole, „ hich „ 
to be d.Uv.red to the dovnetreas location. 

"odify the pressure of gee source 1, 6 t0 " ° 
the particle, being transported are eoepUuT 

have en V D .spent retio not greeter th» 3 to 1 
(where L is the length end 0 is th. *<. V 
particle) . i! ««eter of the 

that^f* 0 " 8 ? 1 ,dVaBt " e 0t tte ~* invention is 
fe,d • eelM » ie » »0 henee to the -it 

~- of the ^c^r" 1 

•PPeratus 20 can be optinised. 

Inv.!^ 0 * 1 i ° POmnt adT4nt »°« «* the present 

S £tL" » r ^ 8i " C0n * rtiel " » ^Uvered 

p rt Ta y ^ ^ ™ «** -7 -4 
tranllT ^ °<»*<»»nts during their 

01(1 100 ' and 8u PPly conduit 76 are made f«m 
-cn-.et.Uio eateriaL. By .voiding tnete .Moving 
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parts which tend to wear away due to mechanical 
interaction between parts, and by avoiding the use of 
metallic parts which can be abraded away by the 
abrasive silicon particles 92, the introduction of 
contaminants into the particles feed system and hence 
into the silicon melt is minimized. This is a very 
important consideration in the manufacture of silicon 
substrates for use in making semiconductor devices, 
e.g., photovoltaic solar cells, since only a few parts 
per million of undersirable contaminants can adversely 
affect device performance. 

Since certain changes may be made in the above 
apparatus and method without departing from the scope 
of the invention herein involved, it is intended that 
all matter contained in the above description or shown 
in the accompanying drawing shall be interpreted in an 
illustrative and not in a limiting sense. 
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What 1« j r 

1. A system for transporting a predetermined 
quantity of particulate material to a remote site, the 
system comprising: 

storage means for storing particulate material; 
chamber means coupled to said storage means for 
receiving particulate material stored in said storage 
means, said chamber means being arranged so that only 
a predetermined quantity of said particulate material 
can accumulate in said chamber means; 

conduit means coupled to said chamber means for 
providing a pathway from said chamber means to a 
remote site along which particulate material received 
in said chamber means can be transported; and 

fluid delivery means coupled to said chamber means 
and said conduit means for providing a stream of 
pressurized fluid to said chamber means so as to (a) 
displace said predetermined quantity of particulate 
material, (b) entrain said predetermined quantity of 
particulate material in said fluid, and (c) transport 
said entrained particulate material from said chamber 
aeans through said conduit means to said remote site. 

2. A system according to claim 1 wherein said 
chamber means is positioned below said storage means 
so that solid particulate material can move from said 
storage means to said chamber means under the pull of 
gravity. 



3. A system according to claim 1 wherein said 
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storage means comprises a tapered bottom section and 
an aperture in said bottom section communicating with 
said chamber means. 

4. A system according to claim 1 wherein said 
chamber means is sized and configured so that when the 
said particulate material in said storage means is of 
substantially uniform size and shape, a predetermined 
quantity of said particulate material will accumulate 
in said chamber in a pile having a predetermined angle 
of repose. 



5. A system according to claim 1 wherein said 
fluid delivery means comprises a control valve means 
for starting and stopping said stream of pressurized 
fluid, so as to permit said stream to flow in discrete 
pulses of selected duration at selected time 
intervals. 



6. A system according to claim l where said fluid 
delivery means comprises: 

means coupled to said conduit means for providing 
a second stream of pressurized fluid to said conduit 
means; 

first valve means for selectively blocking and 
unblocking the flow of said first-mentioned stream of 
pressurized fluid to said chamber means, so as to 
cause said stream to be delivered to said chamber 
means in discrete pulses of selected duration at 
selected time intervals; 

second valve means for selectively blocking and 
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unblocking the flow of said second stream of 
pressurized fluid to said conduit means, so as to 
cause said second stream to be delivered to said 
conduit means in discrete pulses of selected duration 
at selected tine intervals; and 

control means coupled to said first and second 
valve means for controlling the operation of said 
first and second valve means so that said first valve 
means permits said first-mentioned stream of 
pressurized fluid to be delivered only when said 
second valve means blocks said second stream of 
pressurized fluid from being delivered, and vice 
versa. 



« rZ' f " iSt ' m lee0tii ^ *» « *«1n {«) Said 

first valv. means bloc*, th. flow of said 

*""" ^ tMP0n " t0 • «** control 
l t tt ° floB ° f «rst-».nttoned 

strsam in response to a second control signal, and (b, 

"" nd ValW —» flow of saL. second 

stream in rasponse to a third control sl 

~ "Y 10 " ° f — "rea, i» responee to 
a fourth control signal. 

said 8 oont^ ratUS ae ° 0rdi " 9 t0 Clai » ' '»rtn« wharain 
said oontrol wan, g.n.r.te. 8al4 (1 „ t> 6eeon 

«.ird and fourth oontrol signals and provida. «id 
signal, to said first and .econd valv. means so L to 
causa said first valv. means to bloc* said 

slc r l" m T 0ne4 ° f »«—«*-* »»" whan Mld 

second valve means unblocks said second stream of 
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pressurized fluid, and cause said first valve means to 
unblock said first-aentioned stream of pressurized 
fluid when said second valve means blocks said second 
stream of pressurized fluid. 

9. A system for transporting a predetermined 
quantity of particulate material stored in a container 
from the container to a remote site, the system 
comprising: 

chamber means coupled to said container for (a) 
receiving particulate material from said container and 
(b) accumulating a predetermined quantity of said 
particulate material received from said container? 

conduit means coupled to said chamber means for 
providing a pathway from said chamber means to a 
remote site along which particulate material received 
in said chamber means can be transported; and 

fluid delivery means coupled to said chamber means 
and said conduit means (l) for providing at least one 
stream of pressurized fluid to said chamber means and 
(2) for entraining said predetermined quantity of 
particulate material in said at least one stream of 
pressurized fluid and transporting said entrained 
particulate material from said chamber means through 
said conduit means to said remote site. 

10. A system for feeding solid, spherical silicon 
particles into an apparatus for growing a hollow, 
tubular crystalline body, the apparatus including a 
crucible for containing a melt of silicon, the system 
comprising: 
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a container for storing spherical silicon 
particles and a discharge opening through which 
silicon particles »ay be dispensed from said 
container; 

* " M,lfoW Phoned below „ id container, said 
IT/ <" « rSCeivi »» coupled to 

Partic es stored in said container can p„. under 
POl of gravity into said receiving chamber, said 
receiving chafer being sized and configured so as to 
admit thereto only . predetermined entity of 
spherical silicon p«ticles fro. „ id contlinar, (b) a 

Z tT P ° Diti0Md * *•« receiving oh«ber" 

»d Jc, a second bore coupled to said receiving 
chamber and said first bore! 

deco^aT coupling and 

decoupling a source of pressurized fluid to said 
receiving chamber; and 

decouplTo £W MleCtiVely 

decoupling a source of pressurized fluid to said first 

«• A system for growing tubular, hollow 
crystalline bodies, the system comprising" 

an apparatus for growing tubular, hollow 
crystallins bodies, said apparatus including a 
crucible having an opening in its bottom . hoUew 

Pipe and ejecting said particles from the top end of 
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said hollow pipe so that said particle will fall by 
gravity back into said crucible; 

storage means for storing spherical silicon 
particles, said storage means having a discharge 
orificei 

chamber means coupled to said discharge orifice 
for (a) receiving said particles from said storage 
means, and (b) permitting said particles to accumulate 
in said chamber means only until a predetermined 
quantity of said particles is received in said chamber 
means; 

conduit means connecting said chamber means to 
said feed mechanism for providing a pathway from said 
chamber means to said feed mechanism; and 

fluid delivery means coupled with said chamber 
means and said conduit means for providing at least 
one stream of pressurized fluid to said chamber means 
so as to propel said predetermined quantity of said 
particles to said conduit means and transport said 
particles by entrainment from said chamber means 
through said conduit means into said feed mechanism. 

12. A method of transporting solid silicon 
particles having a spherical configuration from a 
storage location to a feed mechanism, said method 
comprising the steps of: 

(1) providing a feed mechanism for feeding solid 
sxlicon particles into an apparatus for growing hollow 
tubular crystalline bodies; 

(2) providing a system for delivering solid, 
spherical silicon particles to said feed mechanism 



» ♦ 
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comprising: 

(a) a container for storing solid spherical 
silicon particles; 

(b) a manifold positioned below said container and 
having (i) a first bore coupled via a conduit with 
said feed mechanism, (ii) a receiving chamber coupled 
to said container so that spherical silicon particles 
stored in said container can pass under the pull of 
gravity into said receiving chamber, said receiving 
chamber being sized and configured so as to admit 
thereto only a predetermined quantity of solid, 
spherical silicon particles from said interior chamber 
of said container, said receiving chamber being 
coupled to said first bore, and (iii, a second bore 
positioned adjacent said receiving chamber, said 
second bore being coupled with said first bore; 

(c) a source of pressurized fluid; 

(d) a first valve for selectively coupling and 
decoupling said receiving chamber and said source of 
pressurized fluid; and 

<•) a second valve for selectively coupling and 
decoupling said second bore and said source of 
pressurized fluid; 

(3) adding a supply of spherical silicon particles 
of predetermined diameter to said said container; 

(4) closing said second valve and opening said 

fi"7! ? M t0 Pmit Sald P«*«"rized fluid to 
flow into said receiving chamber, entrain said 

Predetermined quantity of silicon particles in said 

zr^trr transport eaid — 8 **• 
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(5) closing said first valve and opening said 
second valve so as to permit said pressurized fluid to * 
flow through said second bore and into said first 
bore, entrain said silicon particles in said first 
bore, and carry said entrained particles through said 
first bore and through said conduit into said feed 
mechanism. 

13. A method according to claim 12 wherein the 
period of time between when said first valve is opened 
and when said first valve is closed is selected so as 
to permit said pressurized fluid to entrain said 
predetermined quantity of silicon particles and 
transport said particles into said first bore before 
any further substantial quantity of said silicon 
particles can pass from under the pull of gravity from 
said container into said receiving chamber. 

14. A method according to claim 12 wherein said 
said particles have a diameter of about 0.7 millimeter 
+/- about 1/2 millimeter. 

15. A method of transporting solid particulate 
material from a storage location to a remote site, the 
method comprising the steps of: 

(1) providing a system for transporting solid, 
particulate material from a storage location to a 
remote site, the system comprising: 

(a) a storage canister or container for storing 
particulate material; 

(b) a manifold positioned below said canister and 
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heving (i) a first bore couplad yU a ^ $ 

remote site, (11) « receiving enamber coupled to said 
said canister so that particulate material stored in 
said canister can pass «nd„ the pull of gravity into 

„M ! ^ ChMber ' =h^r being 

exred and configured so as to admit thereto only . 
predetermined quantity .olid particulate material 
fro. sold interior chaser of said container, said 
rece ving ch^er being coupled to said first bore, 
end (ill, a second bore positioned adjacent said 

ZTullZT E,ld " cond bore *- — 

(c) a source of pressuriiod fluid; 

(d) a first valve for selectively coupling Mld 

22 *1 ChMb<r With "id reli^ng 

chamber rroa said source of p„s.urlsed fluid, and 

'!'" eeC °" d valva *« eelectively coupling , aia 
second bore with and decoupling said second bore fro. 
said source of pressurised fluid) 

(3) adding solid particulate material to said 
interior chamber of said canister! 

seoJa' T*" 8814 ,lm V4lve "* 
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f low into said receiving chamber, entrain said 
predetermined quantity of particulate material in said 
receiving chamber and transport said particulate 
material into said first bore; and 

(6) closing said first valve and opening said 
second valve so as to permit said pressurized fluid to 
(a) flow through said second bore and into said first 
bore, (b) entrain said particulate material in said 
first bore, (c) carry said particulate material 
entrained in said pressurized fluid through said first 
bore and into and through said conduit into said feed 
mechanism. 
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